LOADED ANTENNA 



OBJECT OF THE INVENTION 

5 

The present invention relates to a novel loaded antenna which operates 
simultaneously at several bands and featuring a smaller size with respect to prior 
art antennas. 

10 The radiating element of the novel loaded antenna consists on two different parts: 
a conducting surface with a polygonal, space-filling or multilevel shape; and a 
loading structure consisting on a set of strips connected to said first conducting 
surface. 

15 The invention refers to a new type of loaded antenna which is mainly suitable for 
mobile communications or in general to any other application where the 
integration of telecom systems or applications in a single small antenna is 
important. 

20 

BACKGROUND OF THE INVENTION 

The growth of the telecommunication sector, and in particular, the expansion of 
personal mobile communication systems are driving the engineering efforts to 

25 develop multiservice (multifrequency) and compact systems which require 
multifrequency and small antennas. Therefore, the use of a multisystem small 
antenna with a multiband and/or wideband performance, which provides coverage 
of the maximum number of services, is nowadays of notable interest since it 
permits telecom operators to reduce their costs and to minimize the environmental 

30 impact. 
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Most ofthe multiband reported antenna solutions use one or more radiators or 
branches for each band or service. An example is found in U.S. Patent No. 
09/129176 entitled "Multiple band, multiple branch antenna for mobile phone". 

5 One of the alternatives which can be of special interest when looking for antennas 
with a multiband and/or small size performance are multilevel antennas, Patent 
publication WO01/22528 entitled "Multilevel Antennas", and miniature space-filling 
antennas, Patent publication WO01/54225 entitled "Space-filling miniature 
antennas". In particular in the publication WO 01/22528 a multilevel antennae 

10 was characterised by a geometry comprising polygons or polyhedrons of the 
same class (same number of sides of faces), which are electromagnetically 
coupled and grouped to form a larger structure. In a multilevel geometry most of 
these elements are clearly visible as their arwea of contact, intersection or 
interconnection (if these exists) with other elements is always less than 50% of 

15 their perimeter or area in at least 75% of the polygons or polyhedrons. 

In the publication WO 01/54225 a space-filling miniature antenna was defined as 
an antenna havinf at least one part shaped as a space-filling-curve (SFC), being 
defined said SFC as a curve composed by at least ten connected straight 
20 segments, wherein said segments are smaller than a tenth of the operating free- 
space wave length and they are spacially arranged in such a way that none of 
said adjacent and connected segments from another longer straight segment. 

The international publication WO 97/06578 entitled fractal antennas, resonators 
25 and loading elements, describe fractal-shaped elements which may be used to 
form an antenna. 

A variety of techniques used to reduce the size of the antennas can be found in 
the prior art. In 1886, there was the first example of a loaded antenna; that was, 
30 the loaded dipole which Hertz built to validate Maxwell equations. 



3 



A.G. Kandoiaii (A.GXatfdoianr 'Three new antenna types and their applications, 
Proc. IRE, vol. 34, pp. 70W-75W, February 1946) introduced the concept of 
loaded antennas and demonstrated how the length of a quarter wavelength 
monopole can be reduced by adding a conductive disk at the top of the radiator. 
5 Subsequently, Goubau presented an antenna structure top-loaded with several 
capacitive disks interconnected by inductive elements which provided a smaller 
size with a broader bandwith, as is illustrated in U.S. Patent No.3,967,276 entitled 
"Antenna structures having reactance at free end". 

10 More recently, U.S. Patent No.5,847,682 entitled Top loaded triangular printed 
antenna" discloses a triangular-shaped printed antenna with its top connected to a 
rectangular strip. The antenna features a low-profile and broadband performance. 
However, none of these antenna configurations provide a multiband behaviour. In 
Patent No. WO01 22528 entitled "Multilevel Antennas", another patent of the 

15 present inventors, there is a particular case of a top-loaded antenna with an 
inductive loop, which was used to miniaturize an antenna for a dual frequency 
operation. Also, W.Dou and W.Y.M.Chia (W.Dou and W.Y.M.Chia, "Small 
broadband stacked planar monopole", Microwave and Optical Technology Letters, 
vol. 27, pp. 288-289, November 2000) presented another particular antecedent of 

20 a top-loaded antenna with a broadband behavior. The antenna was a rectangular 
monopole top-loaded with one rectangular arm connected at each of the tips of 
the rectangular shape. The width of each of the rectangular arms is on the order of 
the width of the fed element, which is not the case of the present invention. 

25 

SUMMARY OF THE INVENTION 

The key point of the present invention is the shape of the radiating element of the 
antenna, which consists on two main parts: a conducting surface and a loading 
30 structure. Said conducting surface has a polygonal, space-filling or multilevel 
shape and the loading structure consists on a conducting strip or set of strips 
connected to said conducting surface. According to the present invention, at least 
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one loading strip must be directly connected at least at one point on the perimeter 
of said conducting surface. Also, circular or elliptical shapes are included in the set 
of possible geometries of said conducting surfaces since they can be considered 
polygonal structures with a large number of sides. 

5 

Due to the addition of the loading structure, the antenna can feature a small and 
multiband, and sometimes a multiband and wideband, performance. Moreover, 
the multiband properties of the loaded antenna (number of bands, spacing 
between bands, matching levels, etc) can be adjusted by modifying the geometry 
10 of the toad and/or the conducting surface. 

This novel loaded antenna allows to obtain a multifrequency performance, 
obtaining similar radioelectric parameters at several bands. 

15 The loading structure can consist for instance on a single conducting strip. In this 
particular case, said loading strip must have one of its two ends connected to a 
point on the perimeter of the conducting surface (i.e., the vertices or edges). The 
other tip of said strip is left free in some embodiments while, in other embodiments 
it is also connected at a point on the perimeter of said conducting surface. 

20 

The loading structure can include not only a single strip but also a plurality of 
loading strips located at different locations along its perimeter. 

The geometries of the loads that can be connected to the conducting surface 
25 according to the present invention are: 

a) A curve composed by a minimum of two segments and a maximum of nine 
segments which are connected in such a way that each segment forms an 
angle with their neighbours, i.e., no pair of adjacent segments define a 

30 larger straight segment. 

b) A straight segment or strip 

c) A straight strip with a polygonal shape 
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* d) A space-filling curve, Patent No. PCT/ESOO/0041 1 entitled "Space-filling 
miniature antennas". 

In some embodiments, the loading structure described above is connected to the 
5 conducting surface while in other embodiments, the tips of a plurality of the 
loading strips are connected to other strips. In those embodiments where a new 
loading strip is added to the previous one, said additional load can either have one 
tip free of connection, or said tip connected to the previous loading strip, or both 
tips connected to previous strip or one tip connected to previous strip and the 
10 other tip connected to the conducting surface. 

There are three types of geometries that can be used for the conducting surface 
according to the present invention: 

15 a) A polygon (i.e., a triangle, square, trapezoid, pentagon, hexagon, etc. or 
even a circle or ellipse as a particular case of polygon with a very large 
number of edges). 

b) A multilevel structure, Patent No. WO01 22528 entitled "Multilevel 
Antennas" . 

20 c) A solid surface with an space-filling perimeter. 

In some embodiments, a central portion of said conducting surface is even 
removed to further reduce the size of the antenna. Also, it is clear to those skilled 
in the art that the multilevel or space-filling designs in configurations b) and c) can 
25 be used to approximate, for instance, ideal fractal shapes. 

Fig.1 and Fig.2 show some examples of the radiating element for a loaded 
antenna according to the present invention. In drawings 1 to 3 the conducting 
surface is a trapezoid while in drawings 4 to 7 said surface is a triangle. It can be 
30 seen that in these cases, the conducting surface is loaded using different strips 
with different lengths, orientations and locations around the perimeter of the 
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trapezoid; Fig. 1 . Besides, in these examples the load can have either one or both 
of its ends connected to the conducting surface, Fig.2. 

The main advantage of this novel loaded antenna is two-folded: 

o The antenna features a multiband or wideband performance, or a 
combination of both. 

o Given the physical size of radiating element, said antenna can be operated 
at a lower frequency than most of the prior art antennas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.1 shows a trapezoid antenna loaded in three different ways using the same 
structure; in particular, a straight strip. In case 1, one straight strip, the loading 
structure (1a) and (1b), is added at each of the tips of the trapezoid, the 
conducting surface (1c). Case 2 is the same as case 1, but using strips with a 
smaller length and located at a different position around the perimeter of the 
conducting surface. Case 3, is a more general case where several strips are 
added to two different locations on the conducting surface. Drawing 4 shows a 
example of a non-symmetric loaded structure and drawing 5 shows an element 
where just one slanted strip has been added at the top of the conducting surface. 
Finally, cases 6 and 7 are examples of geometries loaded with a strip with a 
triangular and rectangular shape and with different orientations. In these cases, 
the loads have only one of their ends connected to the conducting surface. 

Fig. 2 shows a different particular configuration where the loads are curves which 
are composed by a maximum of nine segments in such a way that each segment 
forms an angle with their neighbours, as it has been mentioned before. Moreover, 
in drawings 8 to 12 the loads have both of their ends connected to the conducting 
surface. Drawings 8 and 9, are two examples where the conducting surface is 
side-loaded. Cases 13 and 14, are two cases where a rectangle is top-loaded with 
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an dpen sfidgd curve, shaped as is mentioned before, with the connection made 
through one of the tips of the rectangle. The maximum width of the loading strips 
is smaller than a quarter of the longest edge of the conducting surface. 

5 Fig.3 shows a square structure top-loaded with three different space-filling curves. 
The curve used to load the square geometry, case 16, is the well-known Hilbert 
curve. 

Fig.4 shows three examples of the top-loaded antenna, where the load consist of 
10 two different loads that are added to the conducting surface. In drawing 19, a first 
load, built with three segments, is added to the trapezoid and then a second load 
is added to the first one. 

Fig. 5 includes some examples of the loaded antenna where a central portion of 
1 5 the conducting surface is even removed to further reduce the size of the antenna. 

Fig. 6 shows the same loaded antenna described in Fig.1, but in this case as the 
conducting surface a multilevel structure is used. 

20 Fig.7 shows another example of the loaded antenna, similar to those described in 
Fig.2. In this case, the conducting surface consist of a multilevel structure. 
Drawings 31,32, 34 and 35 use different shapes for the loading but in all cases the 
load has both ends connected to the conducting surface. Case 33 is an example 
of an open-ended load added to a multilevel conducting surface. 

25 

Fig.8 presents some examples of the loaded antenna, similar to those depicted in 
Fig.3 and 4, but using a multilevel structure as the conducting surface. Illustrations 
36, 37 and 38, include a space-filling top-loading curve, while the rest of the 
drawings show three examples of the top-loaded antenna with several levels of 
30 loadings. Drawing 40 is an example where three loads have been added to the 
multilevel structure. More precisely, the conducting surface is firstly loaded with 
curve (40a), next with curves (40b) and (40c). Curve (40a) has both ends 
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connected to conducting surface, curve (40b) has' both ends connected to the 
previous- load (40a), and load (40c), formed with two segments, has one end 
connected to load (40a) and the other to the load (40b). 

Fig. 9 shows three cases where the same multilevel structure, with the central 
portions of the conducting surface removed, which is loaded with three different 
type of loads; those are, a space-filling curve, a curve with a minimum of two 
segments and a maximum of nine segments connected in such a way mentioned 
just before, and finally a load with two similar levels. 

Fig.10 shows two configurations of the loaded antenna which include three 
conducting surfaces, one of them bigger than the others. Drawing 45 shows a 
triangular conducting surface (45a) which is connected to two smaller circular 
conducting surfaces (45b) and (45c) through one conducting strip (45d) and (45e). 
Drawing 46 is a similar configuration to drawing 45 but the bigger conducting 
surface is a multilevel structure. 

Fig.11 shows other particular cases of the loaded antenna. They consist of a 
monopole antenna comprising a conducting or superconducting ground plane (48) 
with an opening to allocate a coaxial cable (47) with its outer conductor connected 
to said ground plane and the inner conductor connected to the loaded antenna. 
The loaded radiator can be optionally placed over a supporting dielectric (49). 

Fig. 12 shows a top-loaded polygonal radiating element (50) mounted with the 
same configuration as the antenna in Fig. 12. The radiating element radiator can 
be optionally placed over a supporting dielectric (49). The lower drawing shows a 
configuration wherein the radiating element is printed on one of the sides of a 
dielectric substrate (49) and also the load has a conducting surface on the other 
side of the substrate (51 ). 

Fig. 13 shows a particular configuration of the loaded antenna. It consists of a 
dipole wherein each of the two arms includes two straight strip loads. The lines at 



9 



the vertex of the small triangles (50) indicate the input terminal points. The two 
drawings display different configurations of the same basic dipole; in the lower 
drawing the radiating element is supported by a dielectric substrate (49). 

5 Fig. 14 shows, in the upper drawing, an example of the same dipole antenna side- 
loaded with two strips but fed as an aperture antenna. The lower drawing is the 
same loaded structure wherein the conductor defines the perimeter of the loaded 
geometry. 

10 Fig. 15 shows a patch antenna wherein the radiating element is a multilevel 
structure top-loaded with two strip arms, upper drawing. Also, the figure shows an 
aperture antenna wherein the aperture (59) is practiced on a conducting or 
superconducting structure (63), said aperture being shaped as a loaded multilevel 
structure. 

15 

Fig. 16 shows a frequency selective surface wherein the elements that form the 
surface are shaped as a multilevel loaded structure. 

DETAILED DESCRIPTION OF SOME PREFERRED EMBODIMENTS 

20 

A preferred embodiment of the loaded antenna is a monopole configuration as 
shown in Fig.11. The antenna includes a conducting or superconducting 
counterpoise or ground plane (48). A handheld telephone case, or even a part 
of the metallic structure of a car or train can act as such a ground conterpoise. 

25 The ground and the monopole arm (here the arm is represented with the loaded 
structure (26), but any of the mentioned loaded antenna structure could be 
taken instead) are excited as usual in prior art monopole by means of, for 
instance, a transmission line (47). Said transmission line is formed by two 
conductors, one of the conductors is connected to the ground counterpoise 

30 while the other is connected to a point of the conducting or superconducting 
loaded structure. In Fig.11, a coaxial cable (47) has been taken as a particular 
case of transmission line, but it is clear to any skilled in the art that other 
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transmission lines (such as for instance a microstrip arm) could be used to 
excite the monopole. Optionally, and following the scheme just described, the 
loaded monopole can be printed over a dielectric substrate (49). 

Another preferred embodiment of the loaded antenna is a monopole 
configuration as shown in Fig.12. The assembly of the antenna (feeding 
scheme, ground plane, etc) is the same as the considered in the embodiment 
described in Fig.11. In the present figure, there is another example of the 
loaded antenna. More precisely, it consists of a trapezoid element top-loaded 
with one of the mentioned curves. In this case, one of the main differences is 
that, being the antenna edged on dielectric substrate, it also includes a 
conducting surface on the other side of the dielectric (51) with the shape of the 
load. This preferred configuration allows to miniaturize the antenna and also to 
adjust the multiband parameters of the antenna, such as the spacing the 
between bands. 

Fig. 13 describes a preferred embodiment of the invention. A two-arm antenna 
dipole is constructed comprising two conducting or superconducting parts, each 
part being a side-loaded multilevel structure. For the sake of clarity but without 
loss of generality, a particular case of the loaded antenna (26) has been chosen 
here; obviously, other structures, as for instance, those described in Fig. 2,3,4,7 
and 8, could be used instead. Both, the conducting surfaces and the loading 
structures are lying on the same surface. The two closest apexes of the two 
arms form the input terminals (50) of the dipole. The terminals (50) have been 
drawn as conducting or superconducting wires, but as it is clear to those skilled 
in the art, such terminals could be shaped following any other pattern as long as 
they are kept small in terms of the operating wavelength. The skilled in the art 
will notice that, the arms of the dipoles can be rotated and folded in different 
ways to finely modify the input impedance or the radiation properties of the 
antenna such as, for instance, polarization. 

Another preferred embodiment of a loaded dipole is also shown in Fig. 13 where 
the conducting or superconducting loaded arms are printed over a dielectric 
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substrate (49); this method is particularly convenient in terms of cost and 
mechanical robustness when the shape of the applied load packs a long iength 
in a small area and when the conducting surface contains a high number of 
polygons, as happens with multilevel structures. Any of the well-known printed 
circuit fabrication techniques can be applied to pattern the loaded structure over 
the dielectric substrate. Said dielectric substrate can be, for instance, a glass- 
fibre board, a teflon based substrate (such as Cuclad®) or other standard 
radiofrequency and microwave substrates (as for instance Rogers 4003® or 
Kapton®). The dielectric substrate can be a portion of a window glass if the 
antenna is to be mounted in a motor vehicle such as a car, a train or an 
airplane, to transmit or receive radio, TV, cellular telephone (GSM900, 
GSM 1800, UMTS) or other communication services electromagnetic waves. Of 
course, a balun network can be connected or integrated at the input terminals of 
the dipole to balance the current distribution among the two dipole arms. 

The embodiment (26) in Fig. 14 consist on an aperture configuration of a loaded 
antenna using a multilevel geometry as the conducting surface. The feeding 
techniques can be one of the techniques usually used in conventional aperture 
antennas. In the described figure, the inner conductor of the coaxial cable (53) 
is directly connected to the lower triangular element and the outer conductor to 
the rest of the conductive surface. Other feeding configurations are possible, 
such as for instance a capacitive coupling. 

Another preferred embodiment of the loaded antenna is a slot loaded monopole 
antenna as shown in the lower drawing in Fig. 14. In this figure the loaded 
structure forms a slot or gap (54) impressed over a conducting or 
superconducting sheet (52). Such sheet can be, for instance, a sheet over a 
dielectric substrate in a printed circuit board configuration, a transparent 
conductive film such as those deposited over a glass window to protect the 
interior of a car from heating infrared radiation, or can even be a part of the 
metallic structure of a handheld telephone, a car, train, boat or airplane. The 
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feeding scheme can be any of the well known in conventional slot antennas and 
it does not become an essential part of the present invention. In all said two 
illustrations in Fig. 14, a coaxial cable has been used to feed the antenna, with 
one of the conductors connected to one side of the conducting sheet and the 
5 other connected at the other side of the sheet across the slot. A microstrip 
transmission line could be used, for instance, instead of a coaxial cable. 

Another preferred embodiment is described in Fig. 15. It consists of a patch 
antenna, with the conducting or superconducting patch (58) featuring the loaded 

10 structure (the particular case of the loaded structure (59) has been used here 
but it is clear that any of the other mentioned structures could be used instead). 
The patch antenna comprises a conducting or superconducting ground plane 
(61) or ground counterpoise, and the conducting or superconducting patch 
which is parallel to said ground plane or ground counterpoise. The spacing 

15 between the patch and the ground is typically below (but not restricted to) a 
quarter wavelength. Optionally, a low-loss dielectric substrate (60) (such as 
glass-fibre, a teflon substrate such as Cuclad® or other commercial materials 
such as Rogers4003®) can be placed between said patch and ground 
counterpoise. The antenna feeding scheme can be taken to be any of the well- 

20 known schemes used in prior art patch antennas, for instance: a coaxial cable 
with the outer conductor connected to the ground plane and the inner conductor 
connected to the patch at the desired input resistance point (of course the 
typical modifications including a capacitive gap on the patch around the coaxial 
connecting point or a capacitive plate connected to the inner conductor of the 

25 coaxial placed at a distance parallel to the patch, and so on, can be used as 
well); a microstrip transmission line sharing the same ground plane as the 
antenna with the strip capacitively coupled to the patch and located at a 
distance below the patch, or in another embodiment with the strip placed below 
the ground plane and coupled to the patch through a slot, and even a microstrip 

30 line with the strip co-planar to the patch. All these mechanisms are well known 
from prior art and do not constitute an essential part of the present invention. 
The essential part of the invention is the loading shape of the antenna which 
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contributes to enhance the behavior of the radiator to "operate simultaneously at 
several bands with a srnali size performance, 

The same Fig. 15 describes another preferred embodiment of the loaded 
5 antenna. It consist of an aperture antenna, said aperture being characterized by 
its loading added to a multilevel structure, said aperture being impressed over a 
conducting ground plane or ground counterpoise, said ground plane consisting, 
for example, of a wall of a waveguide or cavity resonator or a part of the 
structure of a motor vehicle (such as a car, a lorry, an airplane or a tank). The 
10 aperture can be fed by any of the conventional techniques such as a coaxial 
cable (61 ), or a planar microstrip or strip-line transmission line, to name a few. 

Another preferred embodiment is described in Fig.16. It consists of a frequency 
selective surface (63). Frequency selective surfaces are essentially 

15 electromagnetic filters, which at some frequencies they completely reflect 
energy while at other frequencies they are completely transparent. In this 
preferred embodiment the selective elements (64), which form the surface (63), 
use the loaded structure (26), but any other of the mentioned loaded antenna 
structures can be used instead. At least one of the selective elements (64) has 

20 the same shape of the mentioned loaded radiating elements. Besides this 
embodiment, another embodiment is preferred; this is, a loaded antenna where 
the conducting surface or the loading structure, or both, are shaped by means 
of one or a combination of the following mathematical algorithms: Iterated 
Function Systems, Multi Reduction Copy Machine, Networked Multi Reduction 

25 Copy Machine. 
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